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THE CROSS-VALLEY STRUCTURE OF THE NOCTUNJAL
ALONG-VALLEY WIND IN BRUSH CREEK, COLOIUDO

W$lliam E. Clements and Donald E. Hoard

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

1. INTRODUCTION

During Scptcm!Xr and October Of
1904, the U. S. DcparLmcnt of Energy’s
Atmnsphcric Studies in Complex Terrain
(ASCOT) Program conc!uctccl a series of

meteorological experiments in the Brush
Creek Valley western Colorado
(Gudiksen et al.,0~984). The purpose of
the study, which employed a variety of
instruments, was tO investigate the
nocturnal katabatic wind in the valley
and its morninq breakup. One of the
instruments, a doppler lidar operated by
the National Oceanic and Atmospheric
Administration’s wave Propagation
Laboratory (NOM/WPL), made detailed
measurements of the along-valley
component of the nocturnal katabatic wind
in the valley iPGst and Ncff, 1986) . We
havz used this dnta to examine the
cross-valley structure of this wind.

2, DRIJSI1CRXF:KVAl,l,l:Y

:~. DATA

The wlnrf?;,rl:;illlll)q)l,lct 1I(ia;’w(ls
loc\ItecJ,n:; !;lIfIWIIillI’iq, 1., at. N pninl.
on the vaJloy rlon! npprnxirnnt.ely.1,3km
up-vnlIoy from t II(I mouth and at. JJn

elevation of l(i71 m ?4S[,. Scans w~re made
both Up- ~nd clown-vnlloy in the srmctors
nhown, ApproMimHf:ely t!nch half-hour on
experimental nightn roster scans we ro
made ~hich rosultrid in rho yont’!ration of
30 X 75 arrays 0? rcidlal (along. t’lu-beam)
wind apeads ?IL each of t.wcnty rangea from
the lldar. In the up-vnllmy direction
each array consisted of meaauremnnta at

azimuths from 312.5° through 342.1° at a
series of elevations from 0.5° through
12.1° above ground level. Both azimuth
and elevation changed in 0.4° increments,
Each wind speed is an average taken over
300 metcrc of the lidar beam centered at
c,~ch of the range gates shown in Fig. L.

Figure 2 is an example of the data
density at the upvalley gate 18. This
data provide cross-valley profiles of the
along-valley wind component at various
elevations above the valley. floor. The

rig. 1. Simplified topographic map Jf
IJrush Creek ValJay. rho location of thn
Dopplor Jidflr, its SC#nnifr9 sectCrs, and
rirnge gates are shown. Range gate$ 12
and 18 used Jrr this study are ahadmd.
Contour Ilnes are labeled in meters HSL
and tho top of the map is grid north.



valley cross section shown is the
“control volume- for that gate developed
and described by Horst (1986). “The most
restrictive local cross-sections have
been determined by calculating, as a
funct.on of along-valley distance, fall-
line paths that originate on the valley
bottom and climb to the ridge-line on
each side of the valley. A control
volume has been defined by projecting
these fall-line paths onto a plane normal
to the valley axis and averaging over ail
along-valley distance of 300 m,
corresponding to the alonq-valley
resolution of the Doppler lidar.”

In the ensuing analysis we usc t]]i’

lidar data at twa iocations within the
valley (upvalley rjates i? and !8)
averaged from 0000 LO 0600 F!5T on t.hd
mornings of September 20, 26, and 30 and
October 6, 1984. The zveraqing pcrio~i
was selcc~ed to include the time when t.hc
katabatic wind was well cs~ablishcd ,~nd
in a relatively steady state. only r.ho:;r
cross-valley profiles that were withir)
the katabatic flow were ana!yzed.

4. ANALYSIS

Figure 3 shows the nomenclature
used. The valley cross-section at each
qatc is the control volume described
above. The origin .of the coordinat.c
system shown is the 10WCSL point in LIIC
control volume with z being positive
upward and y being positive to the right
when looking upvallcy. Half-wiclth~ of the
valley at elevation z arc defined as
shown for nnch side of the valley to
ac:count for asymmetry. The along-valley
Wind sp~!’?d WL1l b? f!l!flf-)t~d hy (].

Figure 4 shows F.h{!cro:;:;-,Jnllvywind
:;pcrd profiles of II(Z) a!; Clln,”t.ionof y
for 5(!ptcmhur 30 aL giltr 18 at 10
clcvationc from Lh.!! qround t.c1 al)out-
360 m, The flatter prnfilf:s occur iIL
high-r clPViltiCJ3s ka )rJve tho (Jr01111Cj.
Similar profllcs wetv found on t.hc other
three mornings at both locations in t.hc
Vtllloy. Th~sc ptofi](::;::llqqi!!it1,1111L I,hoy
arc a family of pa:abnlic Ci)tv,,s. Thv
d.lta shnwn !n }’:1!.4 .ar(l ll$f!d to
illu3r.raLc thl!an,l!’~::i:;I]ro[.udurc.

u(z)/llm(l.) , y/h(:) (1)

where IJm(Z) ]:1 t,t)l! m,lximum wind :;IM!II[lof
the profile at z and h[z) is Lhl?
appropriate hnlf-widt.h ,1.s shown in
Fig. 3. The normallzod datfJ of Fiq. 4
are shown in Fig. 5 which substnrrtiatcs
that th~ profiles arc to first order
members of the sam~ family of curves. The
flatness of the ensrmhle 1.I due to the
fact that the manimum wind speed doesn’t
always occur at the 3nmn crosn-valley
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Fig, 3, Valley cross section lookinq
upvalley showing- nomenclature used.
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The normalized data for all profiles
in Fig. 5 are then fit by the method of
~east squares to the parabolic equation

. u(z)/um(z) - A + B[y/h(z)]2 (2)

with no regard for which points belong to
which profile. Fig. 6 shows the result
of this fitting to the data of Fiq. 5.

G-. RESULTS

The analysis c!escribed above was
applied to the tWo locations in the
valley for the four nights with simil,?r
results. Table 1 gives the values of the
fitting parameters A and B. The root-
mean-square error in the fits for each
case was very nearly 0.10.

The accuracy of Lhe data and the
goodness of the least squares fits
suggest that a reasonable representation
of the cross-valley structure of Lhc
along-valley wind in Brush Creek is

u(z) = Um(z)(l.o - 0.8[y/h(z)]2) (3)

Furthermore, for valleys thnt are not too
asymmetric h(z) can be taken as half the
width of the valley at z.

6. IMPLICATIONS AND CONCLUSIONS

In the studies of ‘?alley meteorology
detailed information on the winds
throughout the valley are normally not
a“~ailablc as in these experiments. In
the more common 3iLuiJtion vertical
profiles of wind CFC obtained by either
tethered balloon systems or doppler
acoustic sounders in thn center of th~
valley. Assuming horizontal homogeneity
in the wind field has lcod to over
estimat.iorls of such (iuarll.itic.s as the
along-valley mass flllx and mans flux
divergence (Whitcman and llnrr, 1984) ,

Using Eq. (2) nnc can show thaL if,
an arbitrary rl~pth of tho k?tabatic wind
Ltl,.’along-valll!y m~l~~~TIux F obt.aincd by
;J:;fiuminq horizr,:ll.I1 Ilomoqvneity in
r~.,!n[.(:f!to rh~: mrls:; flux F obtained
;~!+~l:minqn par,lholir ~~lofil~ by

F “- (A ,

U:;ir)q t.hn ntlrnr!ti(

given

t’ r, (0.”/

which moans that,

II v

F’

at

(4)

Illlc !:; or Eq. (3)

(5)

etrnt in the cane ‘
for Brush Creek, t.hc! assumption of
hucizontal homogenelt,y leads to an over
estimate of the along-valley maon flux of
30 per cent and subsequently the same
error in the mass flux dlvorqonce ●long
the valley.
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Fig. 5. Normalized profiles of Fig. ~.
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Fig. 6. Results of least

Eq . (2) to data of fig. 5.
squares fit of

Table 1

Fitting Parameters for EquaLlon (2),

..—--- --------,.,—- ...-. ..

A

-<—.- -
Date bate ~E-<-”i8

-—- .——.--—.,_...— ___ ----

9/20 0.96 . 0.93

9/26 0,97 9.96

9/30 0.92 0.9s

10/6 0.98 0.96
.-

11

GilTf!- r2-”. (;ol:”ti 1’s

. . .

-0.85 -0.01

-0.84 -0.82

-0,86 -0.92

-0.75 -0,77

Mean 0.95 ~ 0.02 -0,83 ~ 0.05
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